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Objectives. Although the cochlear implant (CI) is successful for understanding speech in patients with severe to profound 
hearing loss, listening to music is a challenging task to most CI listeners. The purpose of this study was to assess music 
perception ability and to provide clinically useful information regarding CI rehabilitation. 

Methods. Ten normal hearing and ten CI listeners with implant experience, ranging 2 to 6 years, participated in the subtests 
of pitch, rhythm, melody, and instrument. A synthesized piano tone was used as musical stimuli. Participants were 
asked to discriminate two different tones during the pitch subtest. The rhythm subtest was constructed with sets of 
five, six, and seven intervals. The melody & instrument subtests assessed recognition of eight familiar melodies and 
five musical instruments from a closed set, respectively. 

Results. CI listeners performed significantly poorer than normal hearing listeners in pitch, melody, and instrument identifi- 
cation tasks. No significant differences were observed in rhythm recognition between groups. Correlations were not 
found between music perception ability and word recognition scores. 

Conclusion. The results are consistent with previous studies that have shown that pitch, melody, and instrument identifica- 
tions are difficult to identify for CI users. Our results can provide fundamental information concerning the develop- 
ment of CI rehabilitation tools. 
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INTRODUCTION 

Cochlear implants (CI) have provided tremendous benefit for 
speech recognition to patients with severe to profound hearing 
impairment for the last few decades. It is reported that over 
100,000 people received CI surgery as of 2008 (1). In Korea, CI 
was introduced in the 1980's by Cochlear Corporation (Sydney, 
Australia) since then about 6,500 people with hearing impair- 
ments can hear through CI devices. While good speech commu- 
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nication within a quiet environment is generally achieved with 
current CI device, many CI listeners show a desire to hear vari- 
ous sound stimuli such as music (2). 

Previous studies reported that rhythm discrimination of CI 
users is quite good but not as good as normal hearing listeners; 
however, they showed difficulty in perceiving pitch, melody, and 
timbre (3-5). There are a number of factors that affect accuracy 
of music perception. The number and condition of surviving au- 
ditory neurons, the processing capabilities of CI sound proces- 
sor, and the depth of insertion of the electrode array can affect 
the amount of benefit they receive from their device (6, 7). Fur- 
thermore, individuals who have had a musical experience prior 
to their hearing loss may demonstrate a greater potential towards 
improving their music perception. 

Most CI listeners reported that they are displeased with the 
sound quality of music post implantation (1). Current sound pro- 
cessing in CI devices is not optimal in transmitting musical stim- 
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uli because fine structure-temporal information and place pitch 
information are discarded in the processing of complex tones. 
Previous studies showed that ability regarding rhythm and in- 
strument discrimination was equal in CI and hearing aid users, 
however, pitch ranking was better in the hearing aid users (8). 

Recently, the development of music perception test batteries 
was reported by several researchers (9-11). Accordingly, some 
researchers suggested strategies in regard to enhancement of mu- 
sic perception such as bimodal condition and music training pro- 
grams (8, 12). Despite a growing number of CI recipients in Ko- 
rea, very few studies pertaining to music perception ability of 
Korean adult CI individuals have been reported. This study is 
aimed to assess functional ability of music perception which in- 
cludes pitch, rhythm, melody, and instrument identification for 
Korean adult CI listeners and to provide fundamental informa- 
tion for CI rehabilitation. 

MATERIALS AND METHODS 

Subjects 

Ten normal hearing (NH) and ten CI users participated in this 
study. CI listeners were post-lingually deafened adults 18-55 
years of age (M, 30.0; SD, + 13. 6). Their speech reception thresh- 
olds were equal to or better than 40 dB with implant experience 
from 2 to 6 years. Accordingly, ten age matched NH (M, 29.5; SD, 
+ 14.6) listeners participated in this study as controls. They had 
pure tone air-conduction thresholds of 20 dB HL or better at 
octave and midoctave frequencies from 125 to 8,000 Hz. All 
participants had static acoustic admittance between 0.3 and 1.4 
mmhos with peak pressure ranging between 100 and +50 daPa. 
Table 1 lists additional background information for the CI listen- 
ers. This study protocol was approved by the Institutional Review 
Board of Hallym University Sacred Hospital. 

Test stimuli and procedure 
Pitch discrimination 

Digitally synthesized piano tones were used as stimuli for pitch 



Table 1. Demographic information of cochlear implant (CI) listeners 



CI lis- 
tener 


Age 
(year) 


Duration of 
deafness 


CI experi- 
ence (year) 


Device 


Processor 


Strategy 


1 


21 


7 


5 


CI24R 


ESPrit3G 


ACE 


2 


25 


2 


3 


CI24RE 


Freedom 


ACE 


3 


18 


9 


6.5 


CI24RE 


Freedom 


ACE 


4 


38 


18 


2.5 


Cll 


Harmony 


HiRes120 


5 


20 


13 


3 


Cll 


Harmony 


HiRes120 


6 


55 


6 


5 


Cll 


Harmony 


HiRes120 


7 


31 


2 


1.8 


CI24RE 


Freedom 


ACE 


8 


22 


4 


6 


CI24R 


ESPrit3G 


ACE 


9 


19 


10 


2 


CI24RE 


Freedom 


ACE 


10 


48 


2 


3 


CI24RE 


Freedom 


ACE 



discrimination. All tones were generated at the same amplitude 
with a 750 msec duration using Adobe Audition software (Syn- 
trillium Inc., San Jose, CA, USA). Following four frequencies 
served as base frequencies; 185 Hz (F#3), 262 Hz (C4), 330 Hz 
(E4), and 391 Hz (G4).The minimum tested interval was 1 semi- 
tone up to 12 semitones (1 octave) from each base frequency. 
Pairs of tones were presented 3 times in random order. Then, 
subjects were asked to identify whether the two tones were the 
same or different. 

Rhythm discrimination 

Rhythmic stimuli were partially used from the subtest of those 
described in a previous fMRI study by Grahn and Brett (13). 
Stimuli were constructed with sets of five, six, and seven inter- 
vals with a total of 50 in this study. The intervals in the rhythms 
were related by ratios of 1:2:3:4 with the length of the "1" in- 
terval varying from 220 to 270 msec (in 10 msec steps) and the 
rest of the intervals were multiples of the 1 interval. Sine tones 
with six pitches varying from 294 to 587 Hz were randomly se- 
lected for each trial to help cue participants to each new trial. 
Participants listened to two presentations of a rhythm at a com- 
fortable level and identified whether the two rhythms were the 
same or different. 

Melody identification 

In this subtest, participants were asked to identify the recordings 
of 8 common melodies from a closed set. Most frequently sung 
top 20 children's melodies were selected from the children's song 
websites as an initial list. Subjects were presented with the titles 
of the 20 melodies with their lyrics and then indicated their fa- 
miliarity with each song on a scale of 0-10. The 8 melodies most 
familiar to all subjects were finally selected for final analysis. All 
melodies were composed of digitally synthesized piano tones 
which were 500-msec in duration at the same amplitude using 
Adobe Audition software. Table 2 lists the final 8 melodies with 
their frequency information. 

Instrument identification 

All listeners were presented with the name and the picture of 
10 western instruments as they listened to the sound of each in- 



Table 2. The eight familiar melodies selected for melody identifica- 
tion and their frequency ranges 



Melody 


Range (Hz) 


Arrirang 


294-494 (D4-B4) 


Butterfly 


262-392 (C4-G4) 


Happy birthday 


262-523 (C4-C5) 


Rabbit 


262-523 (C4-C5) 


School bell 


262-440 (C4-A4) 


Silent night 


294-523 (D4-C5) 


Three little bears 


262-392 (C4-G4) 



Twinkle twinkle 262-440 (C4-A4) 
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strument. They were then asked to indicate their familiarity of 
each instrument from 0 to 10. The five most familiar instruments 
were selected and included in the final analysis. These instru- 
ments were piano and organ as pitched percussion, guitar and 
violin as string, and flute and saxophone as woodwind. The test 
stimuli consisted of recordings of 5 well-known musical instru- 
ments playing in a solo rendition. Each instrument sample was 
then presented 3 times in random order for recognition from a 
closed set. 

Subjects were familiarized with each task through a practice 
section prior to testing. The subtests were presented at a com- 
fortable level in a sound field for each subject. The percentage of 
correct responses was reported as the final score for all subtests. 

Statistical analysis 

Statistical analysis was performed using SPSS 14.0 (SPSS Inc., 
Chicago, IL, USA). A paired f-test was used to compare the mean 
scores between CI users and normal hearing controls. A Spear- 
man analysis for the correlation between music perception abili- 
ty and speech performance scores was used at a significant level 
of 0.05. 



RESULTS 

Pitch discrimination 

With regards to the pitch discrimination subtest, the normal 
hearing group scored 96% (SD, +3%) correct while the CI lis- 
teners scored 70% (SD, +11%) correct. The CI group performed 
poorer than that of the NH controls in all four base frequencies 
(P<0.05).The mean difference limen (DL) for the base frequen- 
cy of 185 Hz was 1.6 (SD, +0.8) semitones, 1 semitone for 262 
Hz, 1.1 (SD, +0.3) semitones for 330 Hz, and 1.3 (SD, +0.7) 
semitones for 390 Hz for NH group. Moreover, the CI group 
ranged from a minimum DL of 1 semitone to a maximum of 9 



semitones at 185 Hz (M, 4.1; SD, +3.0), 1 to 10 semitones at 
262 Hz (M, 4.6; SD, +3.2), and 330 Hz (M, 5.1; SD, +3.0), and 
1 to 5 semitones at 390 Hz (M, 2.8; SD, +1.7) (Fig. 1). 

Rhythm discrimination 

No significant differences were found between the NH and CI 
groups among different rhythmic intervals (P>0.05). Mean per- 
cent correct was 82% (SD, +4%) for NH group and 77% (SD, 
+ 12.3%) for CI group. Performances of 5, 6, and 7 intervals 
were 84% (SD, +14.1%), 84% (SD, +14.3%), and 77% (SD, 
+ 17.2%) for NH group and 91% (SD, +10.0%), 72% (SD, + 
22.5%), and 68% (SD, +17.0%) for the CI group, respectively. 
There was a significant difference in performance between 5 and 
7 intervals in the CI group (P< 0.05) while no significant differ- 
ence was found among different intervals within the NH group 
(Kg. 2). 

Performances on the melody identification subtest ranged from 
70% to 90% (M, 86%; SD, +7.4%) correct for controls and 0% 
to 50% (M, 14%; SD, +19%) correct for CI listeners. Normal 
hearing participants performed at a similar level throughout the 
songs. Significant differences were found in identifying all songs 
except 'School bell' between groups (P<0.05). 'School bell' 
showed the highest while 'Rabbit song', 'Happy birthday', 'Arri- 
rang', and 'Silent night' were not identified by CI users. Fig. 3 
shows the performance of the melody identification by group. 

In the instrument identification subtest, NH participants scored 
100% correct in identifying each instrument, however, perfor- 
mance of the CI listeners ranged from 22% to 78% (M, 56%; 
SD, +21%) correct. CI listeners correctly identified the violin 
most well (78% correct), and the organ least well (22% correct). 
The organ was most often confused with the violin (33%), the 
piano with the saxophone (22%), the guitar with the organ 
(22%), and the flute with the violin (22%). Fig. 4 shows the per- 
formance of the instrument identification task by CI listeners. 

There were no significant correlations between music percep- 
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Fig. 1. Mean semitones of pitch discrimination test in cochlear implant 
users (CI) and normal-hearing controls (NH). Difference limen refers 
to the minimum size of the interval for subjects to distinguish that they 
are different notes. The significant difference between groups. 
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Fig. 2. Percent correct of the rhythm subtest by group. NH, normal- 
hearing; CI, cochlear implant. The significant difference between 
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tion abilities and word recognition scores in CI users (P>0.05). 
In addition, no significant correlations were found between pitch, 
rhythm, melody, and timbre identification scores among CI users 
(P>0.05). Results of music perception ability for both normal 
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Fig. 3. Performance of melody identification by group. NH, normal- 
hearing; CI, cochlear implant. The significant difference between 
groups. 
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Fig. 4. Percent correct responses by cochlear implant listeners for 
each instrument. 



hearing controls NH and CI users are shown in Fig. 5. There were 
significant differences between groups regarding pitch, melody, 
and instrument identification (P<0.05). However, no significant 
difference was found in rhythm subtest between NH and CI 
groups (P>0.05). Fig. 6 shows the percent correct of pitch, 
rhythm, melody, and instrument identification for each CI lis- 
tener. 



DISCUSSION 

Although the primary goal of the CI is to enhance speech com- 
munication, researchers have shown interest concerning how CI 
users perceive music. Previous studies reported that rhythm dis- 
crimination of CI users is quite good compared to normal hear- 
ing listeners; however, they show difficulty in perceiving pitch, 
melody, and timbre (3-5). Rhythm discrimination of CI users in 
our current study was consistent with previous studies in which 
rhythm discrimination ability was generally good but not quite 
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Fig. 5. Mean performances of music perception ability by normal- 
hearing controls (NH) and cochlear implant (CI) users. The asterisk 
symbols represent the significant difference between groups. 
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Fig. 6. Percent correct of pitch (square), rhythm (circle), melody (triangle), and instrument (diamond) identification for cochlear implant listeners. 
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as good in cochlear implant users as in normal hearing listeners. 
NH listeners performed at a similar level throughout different 
interval sizes, however, performance of CI users significantly de- 
creased from 91% to 68% as the interval increased from 5 to 7. 
Burkholder et al. (6) indicated that the demands on memory 
and attention also increase as the complexity of a task increases. 
Kong et al. (5) reported that only one of the three CI listeners 
performed similar to normal hearing listeners while the other 
two listeners achieved 10% to 25% lower than that of normal 
hearing listeners. Although CI users showed perceptual accuracy 
similar to normal hearing listeners in rhythm discrimination 
within our study, they demonstrated some difficulty in perform- 
ing a high-level rhythm task. 

Pitch perception of CI users was significantly less accurate 
than that of normal hearing listeners. Normal hearing listeners 
demonstrated a perfect accuracy of perception by 1 semitone 
difference at a base frequency of 262 Hz (middle C). No differ- 
ences were found between the four tested base frequencies al- 
though DLs increased from 185 to 330 Hz in the CI group. A re- 
cent study conducted for Korean CI listeners reported that pitch 
discrimination was better at lower frequencies (11). They report- 
ed that the mean DLs required for 262 Hz, 330 Hz, 390 Hz in 
CI listeners were 2.7+0.67, 4.37+0.94, 8.10 + 1.12 while 4.6 + 
3.2, 5.1+3.0, 2.8 + 1.7 were obtained in our study, respectively. 
The smallest DL was shown at 390 Hz and 4.1+3.0 was obtained 
at the additional lower frequency in our study. Kang et al. (14) 
reported that no difference was found between the tested lower 
and higher base frequencies. 

Melody perception in CI listeners was generally extremely 
poor even though familiar melodies were used. The mean per- 
formance with regards to normal hearing listeners was 86% but 
only 14% for CI listeners in our current study. In addition, 50% 
of the melodies were not identified at all by our CI listeners. All 
melody tones had an equal duration without rhythmic cues and 
lyrics which made the melody test more difficult in our study. 
Kong et al. (5) investigated the effects of rhythm in melody iden- 
tification. They reported that CI listeners achieved about 63% in 
the rhythm condition and 12% in the non-rhythm condition 
whereas normal hearing listeners obtained about 98% in both 
rhythm conditions. Another study by Galvin et al. (15) reported 
a mean performance of 60% including rhythm but only 28% 
without rhythm for CI listeners. Melody identification seemed 
to be related to musical genre and its musical characteristics. For 
instance, 'Arrirang' which is a very famous folk song among Ko- 
rean people is characterized by its various musical notes of dif- 
ferent pitches between primary melodies. Such a highly rhyth- 
mic song regardless of its popularity might have been extremely 
difficult for our CI listeners without rhythmic cues and lyrics. It 
is suggested that highly rhythmic melodies seemed to be more 
difficult in recognizing melodies after removal of rhythmic cues. 

A frequency range of the melodies may be another factor 
which affected melody identification. 'Silent night holy night' 



showed a relatively higher pitch range from 294 to 523 Hz com- 
pared to other tested melodies, as none of our CI users recog- 
nized the song. However, 'School bell' which scored the highest 
by CI listeners showed a relatively narrower frequency range 
from 262 to 440 Hz (Table 2). Moreover, after removal of the 
rhythmic cues, the test version of that song was quite similar to 
the original version in that, the CI listeners were able to recog- 
nize it easily. 

A recent study reported a relatively low mean performance of 
67% for NH listeners in instrument identification using the Ko- 
rean version of the Clinical Assessment of Music Perception 
(CAMP) test (11). Instrument identification ability has been gen- 
erally evaluated using western instruments, and some people in 
Asia may not be familiar with some instruments. We eliminated 
unfamiliar instruments for our subjects and assumed that this 
helped them perform a perfect score during the instrument iden- 
tification tests. Other studies reported a similar result of above 
90% for NH listeners but below 50% for CI listeners (3, 14, 16). 
Tested instruments identified correctly above 50% by CI listen- 
ers were violin, flute, guitar, and piano. Our confusion analysis 
indicated that violin was the easiest while the organ was the most 
difficult to identify. It was reported that percussive instruments 
such as guitar and piano were more easily identified than other 
instrument families such as wind and string instruments (3, 10). 
An instrument was distinguished by the temporal envelops and 
the spectral information of a sound, however, characteristics of 
music and a player's skill and style can affect results with regards 
to instrument identification. 

Although current speech processors show deficiency in trans- 
mitting musical stimuli, several researchers reported effects of 
musical training in music perception (15, 17). Galvin et al. (15) 
reported that there was a significant increase in performance on 
a melodic contour identification test after training. Driscoll et al. 
(17) conducted a study for normal hearing listeners with regards 
to the effects of training on recognition of music instruments 
presented through cochlear implant simulations. They presented 
a degraded representation of each instrument in three training 
conditions: repeated exposure (without information or feed- 
back), feedback (correct or incorrect), and direct instruction (in- 
strument's name with its characteristics and feedback). Results 
indicated that effectiveness of different types of training vary as 
the direct instruction group showed the most improvement after 
training. Moreover, Looi and She (9) developed a music training 
program which consisted of 30-minute sessions done 2-3 times 
per week using a DVD format. Such effort towards the develop- 
ment of a music training program should no doubt improve mu- 
sic appreciation and enjoyment in combination with current CI 
technology. 

The use of residual hearing may be an additional way to im- 
prove the music perception ability of CI listeners. If some apical 
hair cells are present, fine structure information at a low fre- 
quency can enhance ones music perception ability (1). Several 
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researchers reported the impact of bimodal stimulation on mu- 
sic perception in CI listeners (18-20). Sucher and McDermott 
(19) reported that the melody recognition scores were higher 
with either bimodal or acoustic-alone stimulation than that of 
the implant-alone condition. With this in mind, bimodal stimula- 
tion provided significant improvements in music perception abil- 
ity and the perceived sound quality of music when compared to 
results obtained with electrical stimulation alone. Kong et al. 
(18) also found that low frequency acoustic hearing produced 
significantly better performance in comparison to the electric 
hearing for melody recognition. 

In conclusion, this study was aimed to compare music percep- 
tion abilities of NH and CI listeners regarding Korean native 
adults. The results are consistent with previous studies that have 
shown that CI users have difficulty in identifying pitch, melody, 
and timbre efficiently. Our data will provide fundamental infor- 
mation in the development of CI rehabiliation tools for individu- 
als with Korean speaking CI users. Future studies will be con- 
ducted to evaluate music appreciation and enjoyment of CI indi- 
viduals with pre- and postlingual deafness in hopes of furthering 
their progress of music perception regarding pitch, melody and 
timbre identification. 



CONFLICT OF INTEREST 

No potential conflict of interest relevant to this article was re- 
ported. 

ACKNOWLEDGMENTS 

This research was supported by Basic Science Research Program 
through the National Research Foundation of Korea (NRF) fund- 
ed by the Ministry of Education, Science and Technology (grant 
number 2010-0004427). 

REFERENCES 

1. Drennan WR, Rubinstein JT. Music perception in cochlear implant 
users and its relationship with psychophysical capabilities. J Rehabil 
Res Dev. 2008;45(5):779-89. 

2. Gfeller K, Witt S, Stordahl J, Mehr M, Woodworm G. The effect of 



training on melody recognition and appraisal by adult cochlear im- 
plant recipients. J Acad Rehabil Audiol. 2000;33:115-38. 

3. McDermott HI Music perception with cochlear implants: a review. 
Trends Amplif. 2004 Jun;8(2):49-82. 

4. Gfeller K, Woodworm G, Robin DA, Witt S, Knutson JF. Perception 
of rhythmic and sequential pitch patterns by normally hearing adults 
and adult cochlear implant users. Ear Hear. 1997 Jun;18(3):252-60. 

5. KongYY, Cruz R, Jones JA, Zeng FG. Music perception with tempo- 
ral cues in acoustic and electric hearing. Ear Hear. 2004 Apr;25(2): 
173-85. 

6. Burkholder RA, Pisoni DB, Svirsky MA. Effects of a cochlear im- 
plant simulation on immediate memory in normal-hearing adults. 
Int J Audiol. 2005 Oct;44(10):551-8. 

7. Fu QJ, Nogaki G. Noise susceptibility of cochlear implant users: the 
role of spectral resolution and smearing. J Assoc Res Otolaryngol. 
2005 Mar;6(l):19-27. 

8. Nie K, Barco A, Zeng FG. Spectral and temporal cues in cochlear 
implant speech perception. Ear Hear. 2006 Apr;27(2):208-17. 

9. LooiV, She J. Music perception of cochlear implant users: a ques- 
tionnaire, and its implications for a music training program. Int J Au- 
diol. 2010 Feb;49(2):116-28. 

10. Nimmons GL, Kang RS, Drennan WR, Longnion J, Ruffin C, Woman 
T, et al. Clinical assessment of music perception in cochlear implant 
listeners. Otol Neurotol. 2008 Feb;29(2):149-55. 

11. Jung KH, ChoYS, Cho JK, Park GY, Kim EY, Hong SH, et al. Clini- 
cal assessment of music perception in Korean cochlear implant lis- 
teners. Acta Otolaryngol. 2010 Jun;130(6):716-23. 

12. LaiWK, Bogli H, Dillier N. A software tool for analyzing multichan- 
nel cochlear implant signals. Ear Hear. 2003 Oct;24(5):380-91. 

13. Grahn JA, Brett M. Impairment of beat-based rhythm discrimina- 
tion in Parkinson's disease. Cortex. 2009 Jan;45(l):54-61. 

14. Kang R, Nimmons GL, Drennan W, Longnion J, Ruffin C, Nie K, et 
al. Development and validation of the University of Washington 
Clinical Assessment of Music Perception test. Ear Hear. 2009 Aug; 
30(4):411-8. 

15. Galvin JJ 3rd, Fu QJ, Nogaki G. Melodic contour identification by 
cochlear implant listeners. Ear Hear. 2007 Jun;28(3):302-19. 

16. Gfeller K,Witt S,Woodworth G, Mehr MA, Knutson J. Effects of fre- 
quency, instrumental family, and cochlear implant type on timbre 
recognition and appraisal. Ann Otol Rhinol Laryngol. 2002 Apr; 
lll(4):349-56. 

17. DriscollVD, Oleson J, Jiang D, Gfeller K. Effects of training on rec- 
ognition of musical instruments presented through cochlear implant 
simulations. J Am AcadAudiol. 2009 Jan;20(l):71-82. 

18. KongYY, Stickney GS, Zeng FG. Speech and melody recognition in 
binaurally combined acoustic and electric hearing. J Acoust SocAm. 
2005 Mar;117(3 Pt 1):1351-61. 

19. Sucher CM, McDermott HI Bimodal stimulation: benefits for music 
perception and sound quality. Cochlear Implants Int. 2009;10 Suppl 
1:96-9. 

20. Dorman MF, Gifford RH, Spahr AJ, McKarns SA.The benefits of 
combining acoustic and electric stimulation for the recognition of 
speech, voice and melodies. Audiol Neurootol. 2008;13(2):105-12. 



